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enign pleural disease (discrete plaques and pleural calcification, diffuse pleural thickening with blunt or obliterated costophrenic angles and thickening of the interlobar fissure) and asbestosis (diffuse interstitial pulmonary fibrosis) are common radiographic observations in people with occupational and environmental exposure to asbestos. 1 It is not clear whether the presence of benign pleural disease or asbestosis are associated with the subsequent development of malignant mesothelioma beyond the risk attributable to the degree and timing of the asbestos exposure which has caused the benign asbestos related disease.
Several studies have reported an association between the presence of benign pleural disease or asbestosis and an increased risk of malignant mesothelioma, [1] [2] [3] while Koskinen and colleagues 4 found that asbestos exposed people with radiographic evidence of pleural plaques had a reduced risk of mesothelioma, compared to those without pleural plaques. However these studies could not allow for the effect of degree and duration of exposure or time since exposure or even type of exposure, indices that are known to be strong determinants of mesothelioma risk.
Knowledge about whether these conditions independently predict mesothelioma is important because it may provide insight into the biological mechanisms of mesothelioma. In addition it would lessen the uncertainty about the prognosis of developing mesothelioma in persons who have asbestos related benign pleural disease or asbestosis.
Crocidolite (blue asbestos) was mined at Wittenoom Gorge, a remote town in the Pilbara region of Western Australia by the Australian Blue Asbestos Company between 1943 and 1966. During that time 6493 men and 415 women were employed in either the mining or milling process, 5 6 and a further 4890 are documented to have lived and worked nearby in the township. 7 We have been maintaining follow up on cohorts of former workers and residents of Wittenoom since 1975, to document the epidemiology of asbestos related diseases including asbestosis, malignant mesothelioma, and lung cancer. 8 9 The aim of this study was to determine whether benign pleural disease and asbestosis are associated with an increased risk of malignant mesothelioma beyond that attributable to the degree and timing of the asbestos exposure. We studied the risk of mesothelioma among former Wittenoom workers and residents in whom measures of intensity and duration of crocidolite exposure are known. All subjects were participating in a cancer prevention programme. 10 
METHODS

Exposure assessment
Dust concentrations in the mine and mill were measured periodically between 1948 and 1966 using a konimeter, and a survey of fibre counts was performed across the industry in 1966. These measurements and employment records from the Australian Blue Asbestos Company, were used to calculate cumulative asbestos exposure for all former workers in fibreyears per ml, by adding over all their jobs the product of their estimated fibre concentration and the length of the time spent in the job. 5 Based on fibre counts collected periodically by the health Department of Western Australia until 1992 former residents of the township of Wittenoom not working directly with asbestos were assigned an intensity of exposure of 1.0 f/ml from 1943 to 1957 (when a new mill was commissioned and the town was moved), and then 0.5 f/ml between 1958 and 1966 when mining operations ceased.
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Since then, interpolation between periodic hygiene surveys using personal monitors assigned exposures from 0.5 fibres (.5 microns long) per millilitre of air (f/ml), in 1966 to 0.010 f/ml in 1992. Duration of residence was determined by questionnaire and/or from dates of residence of an asbestos worker (if the resident was related to an asbestos worker and lived at Wittenoom with him/her), or those dates found in various sources when the cohort was established (school, hospital, police or church records, Pilbara electoral roll). Cumulative exposure (fibre-years per ml) was calculated from the intensity and duration of exposure. 7 12 These estimates have been shown to agree with lung fibre burden measurements. 13 Cancer prevention programme Because of the projected incidence of mesothelioma in the workforce 14 15 all surviving members of the workers' cohort who could be contacted in early 1990 were invited to take part in a cancer prevention programme to examine the efficacy of beta carotene (synthetic all-trans) and retinol (retinyl palmitate) supplements in reducing the risk of malignant mesothelioma, lung cancer, and other cancers. 10 Former Wittenoom residents and other workers with a minimum of three months occupational exposure were subsequently invited to join the programme. Subjects were randomly assigned to take either 30 mg synthetic all-trans beta carotene or 25 000 IU retinol daily except former Wittenoom residents, women of child bearing age, and subjects with abnormal liver function, who were randomised to either 0.75 mg or 30 mg of beta carotene daily. 10 Enrolment commenced in July 1990 and participants have progressively joined since, most in the first year. Results after five years showed that the mesothelioma rate was lower in those assigned to retinol, but there was no effect associated with taking beta carotene. 16 After this result and the results of overseas trials finding increased rates of lung cancer among smokers taking similar doses of synthetic beta carotene, 17 18 supplementation with beta carotene was ceased in 1997, and thereafter, all participants were assigned to 25 000 IU of retinol/day only, except women of child bearing age and participants with abnormal liver function, who were offered 5000 IU of retinol daily.
Chest radiographs
Classification of benign pleural disease (discrete plaques and pleural calcification, diffuse pleural thickening with blunt or obliterated costophrenic angles, and thickening of the interlobar fissure) in accordance with the UICC/ILO classification 19 was undertaken on the standard posterior/anterior plain chest radiograph taken at the first visit of participants who joined the programme before 1997 (n = 1988). Asbestosis was defined as the profusion of small irregular opacities >1/0 in >1 zone bilaterally. All films were read in duplicate or triplicate by trained and experienced readers. Analysis was done using one reader. This reader was chosen as the one who, when three readers were available, agreed most closely with the median reading.
Case ascertainment Incident cases of malignant mesothelioma were determined from the Western Australian Cancer Registry (including the Western Australian Mesothelioma Registry) to September 2002 and the Australian Mesothelioma Registry and National Cancer Statistics Clearing House to September 2000. Incident cancers were matched to our cohort using date of birth, surname, first name, middle name, address, and previous name (if any).
Participants have been followed up actively from attendance at the clinic each year and passively through death and cancer registries. For this study, subjects were censored at their date of diagnosis of mesothelioma, their date of death, or September 2000 (for non-Western Australian residents) or September 2002 (for Western Australian residents), whichever was earliest. Subjects not known to be dead or diagnosed with malignant mesothelioma were assumed alive.
Ethics approval was obtained from the Human Research Ethics Committee of the University of Western Australia. 
Statistical analysis
Asbestos exposure variables were strongly skewed and so were transformed to their natural logs. Cox proportional hazards modelling was used to relate asbestos exposure (time since first exposure and cumulative exposure), asbestosis, and benign pleural disease to malignant mesothelioma. All analyses were undertaken using Stata 8.0.
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RESULTS
Between 1990 and 2002 there were 76 cases of malignant mesothelioma (69 male and 7 female). Fifty six of the cases were pleural and 20 were peritoneal (table 1) . Cases were more likely to show radiographic evidence of diffuse pleural thickening, blunted or obliterated costophrenic angle, and asbestosis than non-cases (table 2) . The relative risks for mesothelioma unadjusted for asbestos exposure showed that blunt/obliterated costophrenic angles, diffuse pleural thickening, and asbestosis were associated with an increased risk of malignant peritoneal mesothelioma after adjusting for age at the start of the study only (table 3) . None of the benign pleural diseases or asbestosis were associated with an increased risk of malignant pleural mesothelioma.
Adjusting for asbestos exposure (time since first exposure and cumulative exposure) attenuated the risk of peritoneal mesothelioma associated with (all) benign pleural disease and blunt/obliterated costophrenic angle. However, pleural thickening and asbestosis remained associated with an increased risk of peritoneal mesothelioma after adjusting for asbestos exposure. There was no increased risk of pleural mesothelioma associated with any of the benign pleural diseases or asbestosis after adjusting for asbestos exposure (table 3) . The interaction between cumulative exposure and benign pleural disease and cumulative exposure and asbestosis was not statistically significant, for either mesothelioma type, suggesting that the slope of the dose-response relation between those with and without benign pleural disease and those with and without asbestosis was not different. When pleural thickening (OR = 2.27, 95% CI 0.85 to 6.07) and asbestosis (OR = 2.49, 95% CI 0.90 to 6.91) were included in the same model the association with malignant peritoneal mesothelioma remained high but not significantly so.
DISCUSSION
Using a unique cohort with known levels and timing of crocidolite exposure this study has shown that both the presence of diffuse pleural thickening and asbestosis are associated with increased risks of malignant mesothelioma of the peritoneum beyond the risk calculated to be associated with the degree of asbestos exposure. This increased risk was not observed for malignant mesothelioma of the pleura. The lack of an interaction between cumulative asbestos exposure and benign pleural disease and cumulative asbestos exposure and asbestosis indicated that there was no difference in the slope of the dose-response relation between those with or without benign pleural disease and those with or without asbestosis.
Twenty six per cent of cases in this cohort had malignant peritoneal mesothelioma. Cases of malignant peritoneal mesothelioma have been more common than malignant pleural mesothelioma in workers in some factories rather than asbestos mining. [21] [22] [23] In the Wittenoom cohorts, cases of malignant peritoneal mesothelioma had a greater cumulative exposure to crocidolite than had cases of pleural mesothelioma. Similar findings have been reported by Browne and Smither among workers using asbestos in manufacturing and insulation, 23 while Leigh et al reported that lung asbestos fibre content was associated with tumour site and higher lung fibre content was associated with peritoneal mesotheliomas. 24 In the Wittenoom worker studies 14% of cases of malignant mesothelioma have been peritoneal in origin 25 and in the residents' studies 3% of cases of mesothelioma have been peritoneal in origin. In our cohort, the risk of peritoneal mesothelioma was increased in persons with diffuse pleural thickening or asbestosis. Browne and Smither found a higher proportion of peritoneal cases (28%) had ante-mortem asbestosis than had pleural cases (22%). 23 Retrograde lymph drainage from the pleural to the peritoneal cavity resulting from interstitial pulmonary fibrosis has been suggested as one possible biological mechanism to explain the association *Adjusted for age at start of the programme.
ÀAdjusted for age at start of programme, time since first exposure (log years), and cumulative exposure (log f/ml-year).
between asbestosis and peritoneal mesothelioma. 23 If the asbestos exposure of cases of peritoneal mesothelioma is higher than cases of pleural mesothelioma, this suggests that the crocidolite fibres are less likely to reach the peritoneal cavity than the pleural cavity, if both mesothelial surfaces are equally susceptible.
The unique strength of the present study in comparison to others that have examined this issue 1 3 4 26 is the availability of quantitative asbestos exposure data on all subjects in the cohorts calculated from the time they either worked in the mine or mill or were residents of Wittenoom. This information has allowed us to take into account the exposure levels of subjects with benign pleural disease when assessing their risk of malignant mesothelioma. Studies that have examined this topic without quantitative asbestos exposure information have found varying results. Based on nine cases of mesothelioma, the incidence of mesothelioma (SIR 11.25, 95% CI 5.1 to 21.4) was raised in subjects with pleural plaques compared to the Swedish male population after a mean time since first exposure of 48 years. 1 Karjalainen et al found that the incidence of mesothelioma was raised in subjects (n = 4) with benign pleural disease (SIR 5.5, 95% CI 1.5 to 14), and in subjects (n = 9) with asbestosis (SIR 31.6, 95% CI 14.4 to 60). 3 Cvitanovic et al found that subjects with benign pleural disease or asbestosis and/or progressive benign pleural disease or asbestosis were more likely to have malignant mesothelioma than subjects without radiographic evidence of benign pleural disease or asbestosis. 26 In contrast, Koskinen et al examining 13 cases of mesothelioma (four with plaques, none with asbestosis), did not find an increased risk of mesothelioma (SIR 1.19, 95% CI 0.32 to 3.05) in subjects with pleural plaques. 4 The models we presented with risk of mesothelioma unadjusted for asbestos exposure were higher for every benign pleural disease and asbestosis than the adjusted risks. These findings are consistent with the notion that the presence of pleural disease is dose related and are simply a surrogate for exposure in cohorts where exposure has not been measured.
The estimates of asbestos exposure in the Wittenoom cohorts have been criticised for being underestimated. However, dose-response relations have previously been validated internally within the cohort 27 28 and fibre content of lung tissue has also been shown to correlate with dose estimates based on the exposure measurements. 29 It is possible that the underestimation of asbestos exposure was greater in those with heavier exposure. This may explain why asbestosis and diffuse pleural thickening are better predictors of peritoneal mesothelioma than pleural mesothelioma.
Participants in the cancer prevention programme were younger and had heavier asbestos exposure than those former Wittenoom workers who were invited to participate in the study but who declined to do so. 16 The mean (range) duration of crocidolite exposure (days) was 381 (1-6205) for the participants and 276 (1-3862) for non-participants.
Similarly, the average intensity of exposure (fibres/ml) was 24 (1- 130) for participants and 23 (1-130) for nonparticipants. These differences may contribute to a possible bias in the exposure-response relation given that the asbestos exposure underestimates may have been greater in those with heavier asbestos exposure.
In this cohort of former Wittenoom workers and residents, the presence of asbestosis, blunt or obliterated costophrenic angle, diffuse pleural thickening, or pleural calcification were not associated with an increased risk of malignant pleural mesothelioma after allowing for the degree of asbestos exposure based on quantitative data. In contrast persons with diffuse pleural thickening or asbestosis have an increased risk of peritoneal mesothelioma even after adjusting for the estimates of asbestos exposure. This observation may be related to the biology of the disease process. esearchers in Taiwan are advocating a total ban on smoking at work to avoid an estimated $US1bn loss in productivity-0.36% of its total gross domestic product in 2000. Reducing smoking in the working population should be a cost effective way to raise national productivity, they believe.
The total estimate of 1032m encompassed $184m/year for excess sick days among smokers: 1.06/year-cost $178m-for men and 1.21/year-$6m-for women. Estimated costs of $81m resulted from sickness absence in non-smokers owing to effects of environmental tobacco smoke and $34m from occupational injuries. A staggering $733m was the direct result of time lost in smoking breaks: on average 72 hours/year for men and 48 hours/year for women.
How close these are to true costs is open to question, the researchers concede, as the human capital method they used to calculate lost productivity, in which value equates to wage/salary, can overestimate costs.
The calculations rely on data from previous studies, but the contribution of potential confounders cannot be assessed. A possible candidate could be an effect of drug and alcohol use in greater sickness absence among smokers, the researchers say, and education, socioeconomic state, diet, and occupational factors may operate.
Nevertheless, smoking probably has a big impact on productivity, given that two million of Taiwan's four million smokers are in the working population, and it is surprising that more financial costings have not been published. Smoking bans exist in public places in Taiwan, but companies operate their own smoking policies.
